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BIODEGRADABLE ETHER DRY CIJEANING SOLVENT 

CROSS REFERENCE TO RELATED APPLICATION 
The present invention claims priority benefit ofU.S. Provisional Patent Application No. 
60/21 1,301 filed June 13, 2000, the disclosure of which is incorporated herein by reference. 

BACKGROUNP OF THE INVENTION 
The present invention relates to a novel glycol ether dry-deaiung solvent and a method 
for efiec^g dry-cleaiung usmg said solvent. More particularly, the present invention rdates to 
a glycol ^er solvent that not only is comparable or superior to percMoroethylene in its attributes 
and benefits, and. does not suffer fi^om the serious environmental, health and occupational 
negatives and problems associated with the use of percMoroethylene, but wMch also represents 
an improvement over the current glycol ether solvents that are contemplated as replacements for 
percMoroethylene. 

PercMoroethylene is the most widefy used dry*-cleaning solvent, and is commonly referred 
to (and will be referred to sometimes hereinafter) as "perc'*. Perc is a cMorinated hydrocarbon- 
based sohrent It is the dry-cleaning solvent of choice throughout North America^ Europe and 
Aaa. 
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In addition to perc's use in the diy-clcaning industry, it has found extensive use as a 
degreasing agent in the nietats industry, in the scouring/miJIing of wool, and in various "dean 
room" applications in the semiconductor and electronics industries. The industrial uses of perc 
are approxiniatety ten-fold greater than its use as a solvent for diy cleaning. 

WWle perc has been found to be an effective dry-cleaning agent because it is non- 
flammable, does not damage synthetic fabrics or cause shrinkage to fabrics containing naturally 
occurring fibers, such as wool, and has a relatively low bofling point that pemuts its being 
reclamed and pu rified by means of ordinary distillation, it does present a number of other 

pioMe.iiswluU.pi tse..ld,awbacksto.tsuse.lnparl,cu]ar,per c]J oroethylenepresentsa^^^ 
of heahh and environmental hazards that would militate against its contimied use, provided a 
substitute solvent of comparable quality were available that was free of the aforementioned 

hazards. 

Because perc is heavier than water, its disposal represents a significant environmental risk 
because it will sink to the bottom of an aquifer, lake, river, and the like, with possibly resultant 
contamination of the water supply. Additionally, perc vapors have been hnplicated as having a 
deleterious effect on the central nervous system. I„ addition, because it is a highly chlorinated 
molecule, perc has been identified as being a significant health hazard to cattle, and as a cause of 

skincancer,particularlymelanoma,becauseoftheactionofthechlorineinpercdeplctingoxygen 
from the ozone layer. Furthermore, and of particular import, is the fact that perc is not 

Kodegradableand, hence, wiUoveraperiodoftimeaccumulate,presentingasi^ 

"Waste disposal hazard. 

AsthenatnreandseriousnessoftheforegoingproblemsbecomemoreandnK)remanifest 
with the passage of time and with the completion of various research and cEnicat investigations 
into the nature of perc and its mechanisms of action, the use of ahemative solvents has been 
sought, bat none havemet with any degree of commerdal success smceihq^ 
result obtained by po-c as a diy-deaning agent 

However, at this point in time, when environmental concerns are being rigorously 
monitored and poHcedlqrdomesticandftwdgngovernments by n^ 

^criminal prosecution, the need forasubstitutesoh^t for perc for dry-cleaning ope^^ 
as weD as other operation^ has become a matter of some degree of urgency. 
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A difficulty in identifying a rq)lacem^ dry-cleaning solvent for perc is that it must meet 
so many requirements, both as to its efficacy as a dry-cleaning agent, i.e. high purity, non- 
shrinking with respect to about 160 types of fabric, dye-fast for non-bleeding with respect to 
about 900 types of dyes, a high flashpoint to render it non-flammable and non-combustible, the 
ability to separate from water, effective detergency, ease of distillation, simplicity of reclamation, 
compatibility with existing dry-cleaning equipment, and the like, as well as its being non-polluting 
to the water supply and the ozone layer, biodegradable, non-toxic, non-carcinogenic, and the like. 

One proposed solvent substitute^ namely propylene glycol monomethyl ether, which is 
disclosed inEP 479J46 as possessing many desirable properties, was found to be wantmg in that 
it causes damage to weak dyes, fine yams, and delicate fabrics, such as acetates, because of its 
pronounced tendency to accumulate water from the environment, and from fabrics being diy- 
cleaned. Water accumulation or water-miscibility is also a dedded negative from anoth^ aspect 
in that it significantly impairs the efficiency of the diy-deaning process because the dry-cleaning 
equipment is burdened with the handling of excessive quantities of water and the solvent stock 
is diluted and must be brought back to a correct ratio for stability reasons. 

Propylene glycol tertiary-butyl ether (PTB) and propylene glycol n-butyl ether (PNB) were 
disclosed by WO 98/45523 as being superior alternatives to propylene glycol nK>iiomethyl ether. 
PTB and PNB were disclosed to possess all of the dry-cleaning attributes assodated with perc and 
none of its drawbacks. The water-absorbing capabilities of both sohrents was disclosed to be 
within a range effective in prevmting dan^ge to acetates and the tendency of woolen garments 
to shrink in water. The wato* absorption also lowered the solvent boiling point whQe raising the 
flashpoint Both solvents were also disdosed to be non-pollutants of the water supply and ozone 
layer, biodegradable, non-toxic and non-cardnogenic. Li addition, both solvents were capable 
of bdng used in existing perc dry-cleaning equipment. 

Aqueous PTB and PNB dry-cleaning compositions have flashpoints within industry 
standards. However, there has recently been a regulatory trend toward a higher flashpoint 
staiKlard. Furthermore, regulatory agendes are also considering making the standard applicable 
to individual components of a composition, even if the flashpoint of the overall compo^on meets 
industry standards. Accordingjty^ th^ esdsts a need for dry-deaning coinpo^ons based on 
Mgber fladipoint glycol ethers. 
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TTie conventional wisdom has been, however, that higher flashpoint glycol ethers make 
poordiy deaningsolventsbecausetheyaretooincompatibJewithwater. WWle glycol ether dry- 
cleaning soktions containing too much water are undesirable because of the consequential 
shrinkage to woolens and damage to acetates, not to mention the solvent dilution, a low water 

content hampers the ability oflbediycleaningcompositiontoremove water-soluble stains, which 
make up the bulk of stains to be removed from garments requiring diy cleaning. Thus, the need 
for dry-cleaning compoations based on higher flashpoint glycol ethers remains unsatisfied. 



SUMMARY OF i miNV ii N J lUJJ 



This need is met by the present invention. 

In line with the foregoing, it is an object of the present invention to provide a solvent 
which possesses comparable, if not superior chemical and physical properties when compared to 
perc in dry cleaning, the cleaning of scoured and mill wool, and the dying of fabrics; wlifle, 
simultaneously, protecting the environment, public health and safety from the many known 
negatives associated with the use of perc. 

It is a further object of the present invention to provide a solvait which powesses 
comparable; if not superior chemical and physical properties when compared to lower flashpoint 
glycol ethers when used in such end-use applications. 

It is a further object of the present invention to provide a dry-cleaning solvent thrt has a 
specific gravity less than that of wato-. 

It is stiB a liirtber object of the present invention to provide a diy-cleaning solvent that 
minimizes or efiminates the shrinkageofwoolengaim«its;prevente 

and which is able to treat acetates, silks, wgin wool and other deBcate fabrics gently so as to 
avcMd damage. 

It is stiU another oi^ect of the present invention to provide a solvent for diy<3eaning, 
fabric dying and the deamng of scoured and miDed wool, the individual components of which 
haveflashpointswithinindnstiystandards,yet8tthesametimehasasufl5dentlylow 
to aDow the sohrem to be r«daimed and purified via conventional distiflation p« 

It is stiil yet another object of the present invention to provide a dye solution containiiig 
^that arenot water-sotaWeand aso^ent that minimizes or eliminates the shrinkage of woolen 



4 



wo 01/96513 



PCT/US01/40852 



fabrics and does not damage acetates^ silks, virgin wools and other delicate fabrics, yet penetrate 
the fabric fiber sufficiently to form a strong dye bond to fabric fibers. 

It has now been discovered that dipropylene glycol tertiary butyl ether (DPTB) has a 
flashpoint far above current industry standards, yet at the same time possesses a degree of 
solvency for water-soluble stains that is at least equivalent to, and in most cases better than, perc 
and the other glycol ether dry cleaning solvents presently in commercial use. Furthermore, this 
degree of solvency increases as water is added to DPTB up to the maximum quantity soluble in 
the solvent at room temperature, typically about 30% by weight of the total compo^tion. 

Therefore, according to one embodiment of the present invention, a diy-cleaning 
composition is provided containing dipropylene glycol tertiary-butyl ether (PVTB), water and a 
fabric soflening agent in an amount efifeclive to soflen the fabric of garments cleaned with the dry- 
cleaiung composition, i^erdn the weight ratio of DPTB to water is at least about 9:1. 

DPTB absorbs water under ambient conditions to the point of saturation, some of which 
is bound as an azeotrope. Therefore, commerdal grades of DPTB unavoidably contain 
some water. Preferred dry clearang compositions according to the present invention contmn 
about 90% by weight of DPTB and about 10% by wdght of water. 

The ability of DPTB to absorb water increases as the temperature of the compoation 
increases, so that even compositions that are moisture saturated at room temperature will absorb 
water from garments when heated during the dry cleaning process. The dry cleaning compositions 
of the present invention will thus absorb water firom the garments bdng dry cleaned. The water 
is then separated firom the solvent by azeotropic distillation, vrith the recoveiy of essentially pure 
DPTB with an azeotropic level of water. 

Therefore;, the present invention also inchides a method for dry-cleaning garments u^g 
the dry-cleara'ng compositions of the present invention. Methods in accordance with this 
embodiment of the present invention treat the garments with a compoation containing dipropylene 
glycol tertiary-butyl ether (DPTB) and water for a period of time sufiSdent to eflfect dry- deaiiing, 
wherein the weight ratio of DPTB to water is at least about 9: 1 . 

The compositions of the present invention can also be used to clean, scour and mill woc^ 
Methods in accordance with this embodim^ of the present invention treatthe scoured and moiled 
wool with a composition containing dipropylene glycol tertiaiy-bu^ ether (DPTB) and water for 
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a period of time suffideirt to effect cleaning, wherein the weight ratio of DFIB to water is at 
least about 9: 1. 

The compositions of the present invention can also bensed for wool scooring and milling 
processes as weU. In accordance with this embodiment of the present invention, a method of 
scouring wool is provided characterized by scouring the wool with the compositions of the 
present invention containing dipropylene glycol tertiary-butyl ether (DPTB) and water, wherein 
the weight ratio of DPTB to water is at least about 9:1. The solvent compositions of the present 
im^ention cleanly dissolve the lanolin contained in the raw wool for subsequent recovery and 
purificati o n for use an iiigieJient hi uosine t iu and oUier products. 



According to another embodiment of the present invention, a method is provided for 
miffing wool, characterized by milling the wool with a composite on containing dipropylene glycol 
tertiao'-butyl ether (DPTB) and water, wherdn the weight ratio of DPTB to water is at least 
about 9:1. 

The present inventionftrther incorporates the discoveiy that water-insoluble dyes that are 
soluble in aliphatic glycol ethers are soluble in the compositions of the present invention to 
provide compositions that may be used to dye non-woolen fabrics with significantly improved 
colorfastness. The drying times offabrics dyed with the dye compositions ofthe present invention 
significantly decreased as well, yet at the same time, a stronger bond between the dye molecules 
and the fabric fibers is formed. 

Therefore, according to another aspect ofthe present invention, a composition for dyeing 
fabrics is provided that is a solution of a water-insotoble aKpbatic glycol etber-sohible dye 
disso^ed in a solvent containing dipropylene glycol tertiaiy-butyl ether (DPTB) and wrter, 
wherein the weight ratio ofDPTB to water Is at least about 9:1. ' 

According to another emboiBment of the present invention, a method is provided for 
dyeing fabric with the dye compositions of tiie piesent invention. Methods in accordance with 

this aspect of theprcsem invention treat the fabric foraperipdoftimesuffident to effect d^ 
witii a dye composition containmg a sohition of a water-insohible afiphatie glycd etiier sohible 
dye dissolved in a solvent containing dipropylene glycol teitiaiy^tyl elher (DPlB) and water, 
wherdn the wdgbt ratio OfDPTB to water is at least about 9:1. Metfiods in accordance with t^^ 

present invemionferther include tfie step ofdrying the febricafler the step of seating the 
to effect dyeing is completed. 
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The compositions of the present invention were discovered to present several unexpected 
properties in comparison to pare and commercial glycol ether compositions. Fabrics that were 
cleaned or dyed, and raw wool that was milled, scoured or cleaned, with the compositions of the 
present invention had virtually no residual odor, unlike raw wool and fabrics processed with perc 
or other commercial glycol ether compositions. What odor that was detectable was pleasant. In 
addition, the odor of DPTB could not be "reactivated'^ with water, meaning that virtually no 
residual solvent remained in the fabric. This is in contrast to garments cleaned with perc or other 
commercial glycol ethers, which produce a strong solvent odor if subsequently contacted with 
water. [ 

In addition, fabric that was dry-cleaned or dyed with the compositions of the present 
invention dryed virtually wrinkle-free with a noticeably soft hand, particularly in comparison to 
fabrics that were similarly treated with perc, or other commercial glycol ether compositions. 
Thus, fabrics cleaned or dyed with the compositions of the present invention require significantly 
less ironing or other processing to remove wrinkles in fabrics cleaned or dyed with perc or other 
glycol ethers^ and at the same time feel softer. This is a significant commercial advantage for dry- 
cleam'ng establishments. 

Other features of the present invention will be pointed out in the following description and 
daims, which disclose the principles of the invention and the best modes whidi are presently 
contemplated for carrying them out- 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
It has been found that when dipropylene glycol tertiary-butyl ether (DPTB) is used in the 
dry-'Cleaning of garments, the solvent possesses aQ of the attributes associated with 
perchloroethylene and none of its drawbacks. Furthermore, DPTB also has certain significant 
advantages not possessed by perchlorethyleneL The DPTB compositions of the present inventioii 
are non-flanmfiable, non-combustible, non-cardnogenic, non-toxic and, of the utmost import, 
biodegradable. The compositions weigh less than water, i.e., the specific gravity is less than that 
of water. 

Advantageously, the flashpoint ofDPTB is higher than that of other glyccrf ethers used as 
diy-cleaning solvents. The DPTB compositions of the present inventions have even higher 
flashpoints. Yet the solvent can still be reclaimed and purified via conventional distiOatioii 
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processesJncIudingvacuumdistaIIation.anddespitehavingahigherflas^^^^ 
effective in the removal of water-soluble stains. 

DPTB has been discovered to be sufBcientJy water-compatible to absorb water from 
garments being dry-cleaned, so that the water component is effectively tied-up, thus avroding the 
tendency of woolen garments to shrink, while simultaneously preventing damage to acetates. 

It has also been determined that solutions ofDPTB and water are effective in the cleaning 

of scoured and milled raw wool, as well as in thescouring of rawwool.whichinvolves the pulling 
of oils and fatty adds, e.g. lanohn, from the wool and in the miffing of yams formed therefoim. 
Such scourin g and milling upuatiuHi> aiB cond u ced in dry-cleaning machmeiy employing 
otherwise conventional scouring and milling techniques. 

A particular advantage of the DPTB-water solutions of the present invention in diy- 
deaning is that they do not behave like a typical mixture, but rather, the behavior is the same as 
a single substance. This pennits a better defined separation upon azeotropic distillation at a lower 
boiling point and also facilitates reclamation more effectively, at a level of 99% or greater, and 
also enhances purification using conventional disliUalion techniques. 

Of particular note, from an economic as well as an operational standpoint, is the abiUty 
OfDPTB to separate from water by azeotropic distiflation. This is of particular significance in 
dry-cleaningbecausegarments ertering a dry-cleaningplant contain water inthefonn ofrooisture. 
As noted above, if water were not absorbed by DPTB, damage to woolen and acetate gaiments 
would occur. If the absorbed water could not then be separated from the DPTB by azeotropic 
distillation, the solvem would be diluted with free water and, thus, the dry cleaning process and 
its efiBdency, would be seriously compromised, as would the reclaimability of the DPTB. 

Furthermore, DPTB out-performs both PTB and PNB from the perspective of having an 
optimum combination of elevated flashpoint and water retention. TMs combination prevents the 
bleeding of the most Jiigitive dyes. Yet, the degree of moisture retention has surprisingly been 
found to be more than adequate to complete the cleaning process;, but wdl beJow leveb that 
promotetheshrinkageofwoolen gaiments. Additionally, the Hmitcd degree of misdbility avoids 

dihition of the solvent stodc with itsdependem problems, which are not inconaderablewhen^ 
considers the need to replenish the solvent. 

DPTB« a very effective diy-deaning solvent because its detergency action breaks down 

solvent-soluhle(water-insolubJe)stain, which account fori 5% ofan stains found in gaiments and 
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which are caused by fatty adds. The detergency of the solvent occurs by lifting the soiled area 
from a surface and by displacing it with surface active materials that have a greater affinity for the 
surface than they do for the soiled area. Yet at the same time, DPIB also deals most eJHectively 
with water-soluble stains, which account for more than 80% of stains encountered in dry-cleaning, 
such as, for example, stains from £mt, blood, urine, sweat, etc. Despite this affinity for water- 
soluble materials, DPTB has been found to be most effective in linuting the bleeding of dyes and 
avoiding the shrinkage of man-made polymers^ such as acetates. In comparison to other glycol 
ethers such as FIB and PNB, the PTB exhibits an unexpectedly superior combination of 
detergenq^ action toward solvent-sohible stains and affinity for water-soluble stains. 

The DPTB compositions of the present invention dry at a relatively low temperature^ 
namely, about SS^C. This is well within the drying requirements for fabrics constructed of fine 
yams so as to avoid damage thereto by exces^e heat. 

In preparing the compo^tions of the present invention, DPTB is combined with an amount 
of water up to the maximum quantity soluble in the DPTB at room temperature. Ambient 
conditions may already have resuhed in the DPTB bdng saturated with water. If not, water may 
be added to the DPTB to obtain the desired weight ratio of solvent and water, i.e., but never less 
than about 9:K Significantly, the quantity of DPTB can be maintained at this level wthout 
damage to acetate fabrics or increased bleeding of dyes. Even if the weight ratio of solvent to 
water approaches 9: 1, DPTB is still an effective dry-cleaning solvent. Most preferred is the use 
of about 90% by weight of DPTB and about 10% by weight of water, which provides the best 
dry-deaning result ifrom the perspective of the removal ofboth solvent-soluble and water-sohiUe 
stains, combined with the most effident and cost-effective dry-deaning operation. 

While DPTB can quite successfully and efficiently clean garments made of all types of 
textile fabrics without the need for additional agents, such as detergents and fabric softeners, it 
may be dedrable to inchide in the formulation one or more surfactants to enhance the detergent 
action of the DPTB or PNB, by means of redudng the surface tension of the compo^oa 
Exemplary surfactant indude fatty alcohol polyethylene glycd ethers, linear primary alcohol 
ethoxylates and cydic dloxanes. Other glycol ethers suitable for use as dry-cleaning solvents may 
be added as well, including PTB and PNB. Thus^ dry-cleaning compositions according to the 
presort invention may inchide less than 90% wdght of DPTB, provided that the weight ratio 
of DPTB to water remains greater than about 9:1. Compo^ons acccmling to the present 
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invention may contain as KtUe as 50% by Tveight of DPTB, or even less, or any quantity between 
50% and 100% by weight, i.e., 55 weight %, 60 weight %, 65 weight %, etc. 

While fabric softening agents are not necessary to achieve diy cleaning, they ar« benefiaal 
and serve to enhance the diy cleaning process. Thus, compositions according to the present 
invention may also include an effective amount of one or more fabric softening agents 

It has also been determined that the DPTB compositions of the present invention are 
eifective soh^ents for water-insoluble dyes and the dyeing of fabrics. Dye composHions can be 
prepared by dissolving aliphatic glycol ether-sohible dyes in the DPTB compositions of the 



present invention. Dyes that are water-insolublc but soluble in aKphatic glycol ethen» can be 

readilyidemifiedbythoseofordinaiysldllintheartwithoutundueexperimcntationlqrpeifon^^ 
simple solubility testing. Classes of water-insohible dyes inchjde basic or cationic dyes, dispersed 

dyes and vat dyes. Dye corapoations are prepared by heatinganeffeaiveamourtofthedyew^ 
the DPTB composition of the present invention, with mixing untO the dye is completely dissolved 
in the DPTB composition. 

Fabric dying can be conducted using conventional dyeing equipment, or by using dry- 
cleaning machinery. TheDPTBcompositionofthepr^sentinventionasasohrentfortbedye'not 
only functions to dissolve the dye, it also promotes the penetration of the dye into the fabric fiber 
to foim a stronger bond between the dye molecule and the fabric fiber. 

After the dydng is completed!, the febric is dried by essentially conventional techniques. 
Fabrics dyed with aliphatic glycol ether-soluble dyes dissolved in the DPTB compositions of the 
present invention exhibit faster drying times than fabrics dyed with water-based dyes However, 
the greatest advantage is that the DPTB compositions of the present invention pennit the use of 
water-insohible dyes to dye fabrics that are colorfast when the dyed fabrics are subsequently 
washed in water. 



EXAMPLES 

llje Mowing examples are set forth to illustrate more clearly the principles and practice 
of the present invention. It is to be understood, of course, that the invention is not limited to the 
specific examples. 
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EXAMPLE 1 

One of the most significant properties that a diy-cleaning solvent should possess is limited 
fiber shrinkage to ensure that the fibers comprising the garment do not shrink excessively. 
Excessive shrinkage deforms the garment rendering it unsuitable for ftiture wear. Accordingly, 
the dry cleaning solvent which is employed must not excessively shrink the component fibers 
which comprise the fabric of the garment. In contemporary usages garments contaimng virgin 
wool and acetate, such as the lining found in men's jackets^ can ill afford shrinkage beyond 
established norms. 

A shrinkage test was conducted with respect to virgm wool by taking a series for of 4" x 
4" patterned virgin wool swatches and immersing then in separate containers contairung each of 
the solvents set forth in Table I below. Approximately 10 minutes of mechanical action was 
applied to ensure that the wool fibers became totally saturated. The test swatch was then 
removed and dried at constant temperature not exceeding 55 ^C. The test swatch was then 
compared with a control material to identify any changes in the Tihm to ensure that the pattmis 
had not changed their dimen^ons. 

Each of the test solvents was then analyzed to identify any fiber lost. The maximum 
shrinkage should not exceed 2% on the first inunersion test and is usually expected to be less than 
OJ25% in any subsequent immersion test 

TABLEI 



SblvcDl 


90infdEBgie 
oDl-lmiDemoD 


PM 

(FtOfiylcDC glycol tnelhyl elber) 


2% 


PNP 

(propylene ^ycol n-pj-opyJciher) 


2% 


DPM 

(dipropykne glycol methyl ether) 


3% 


PERC 


7%^ 


PTB 


m% 


DPTB 

(dipropyfeiie glycQi tertiafy^butyl elbcr) 
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EXAMPLE2 

A shrinkage test conducted in Example 1 was repeated with 4" x 4" swatches of achate 
fabric. The results are set forth below in Table II, wherein it is evident from an examination of 
the resuhs therein, and in Table J, that dipropylene glycol tertiary-butyl ether (DPTB) mixtures 
resulted in the smallest percentage of shrinkage in both virgin wool and acetate fabrics, and, in 
fact, reduced shrinkage by about 400% or greater compared with the other solvents, bicluding 
perc, when employed with virgin wool, and an even greater percentage when employed with 
acetate fabrics. 



-TABLE II 



PM 

(propylene glycol methyl ether) 


39; 


PNP 

(propylene glycol n-propd ether) 


3% 


DPM 

(dipropylene gjycd nxllxyl t&a) 


2-5H 


PERC 
(?erdiloroe%)ene) 


2H 


PTB 

(propylene glycol lefliaiy-botyj dber) 


J/2% 


DPTB 

(dipnipyieno g|ycio| teitiaiy^yutyl ellier) 


<l/2% 



K?CAMPLE3 

The bleeding of dyestuffs is the bane of the dry cleaner's existence. The -variety of 
dyestuflfe, thdr differing chemical structure!^ the degree to wMch they aresohible or insoJuUe in 
the particular diy cleaning solvent employed, and the like, present manifold probfems -which must 
be met, addressed and solved before a new dry cleaning solvent can be introduced successfiiBy. 

Dye bleedfaig tests were conducted l^taking test swatches oTvirffn wool,.] htdtx 1 ladi, 
and immersing them in separate containers fiDed with each of the azeotropic soh^ naxtiires 
indicated in Table m bdow. Ball bearings were added to each of the contabers to increase the 
impact of mechanical action on the dyes in an effort to dislodge the dyes from the fehric. 
Increased roechamcal action was applied for a period often nanutes. Thereafter, thetestswalcb 
and the ball bearings were removed from the solvent Colorimeter tests employing a Bauscb & 
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LoiDb SPEC 20 coJorimeter were conducted on the solvent remaining^ wttch serves to indicate 
the relative quantity of dye removed from the test swatch. The results are set forth in Table III 
with respect to the various solvents tested on virgin wool swatches which have been dyed red, 
green, yellow, blue and purple, respectively. The greater the value> the greater the degree of dye 
bleeding. 



TABLE BI 
DYE BLEEDING 



Solvent 


Red 


Green 


Yellow 


Blue 


Purple 


PM 


8 


7 


7 


8 


8 


PNP 


6 


4 


4 


5 


6 


DPM 


6 


3 


5 


5 


6 


Perc 


2 


2 


1 


1 


3 


PTB 


2 


1 


1 


1 


3 


DPTB 


<2 


1 


1 


1 


2 



EXAMPLE4 

In ^milar fashion to Example 3 abov^ swatches of various colored acetate fabrics were 
tested to detemune dye bleeding in the below-listed solvents. The results are set forth in Table 
rVbdow;. 

TABiEIV 
DYEBLEEDINO 



Solvent 


Red 


Green 




Bloe 


Pmple 


FM 


9 




9 


9 


8 


PNP 


9 


S 


8 


8 


8 


DIU 


S 


S 


& 


9 


8 


Perc 


1 


1 


1. 


.2 


2 


PTB 


2 


I 


1 


2 


2 


DPTB 


<2 


1 


1 


3 


1 
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It is clearly evident from Tables ID and IV that the azeotropic solveirt of the present 
invemioii, namely, dipropylene glycol tertiaiy-butyl ether pPlB)Js far supm^^ 
DPM, and is comparable to perc, as respects dye bleeding, whether the fabric eropkqwd is virgin 
wool or acetate. I" point of fact, the solvent of the present invention was in each instancts, 
regardless of fabric type or dye color, significantly more effective in preventing the bleeding of 
dyes when compared with the non-perc solvents. 



• • EXAMPLES 

A stain removal test was conducted with respect to cotton by taking a series of 12 « x 12" 



were 



test panels of cotton and applying thereto standard stain items as set forth in Table V, which 
then cleaned with a perc solution containing soap. Another set of test panels analarly stained 
were cleaned with the DPTB composition of the present invention without soap. It will be 

understood bythosesWlled in the art that thepurpose of percisto act asacarrier for detergo^^^ 
soaps, water, etc. and that most stains are typically removed by "spottmg" prior to the perc dry- 
cleaning process. The Table V resuHs demonstrate that the use of soaps and "spotting- is less 
needed with DPTB. 



TABLE V 



TYPE OP STAIN 


PERC W/SQAP 


DPIBW/OSOAP 


ShoePoH^ 




50% 


Lipstick 


60% 


70% 


Face Powder 


' 100% 


100% 


Ketchup 


40% . 


60% 


Salad Dressing 


70% 


80%f 


Animal Fat 


80% 


95% 


Mascara 


90% 


90% 


Mayonnaise 


90% 


90% 


Coflee 


30% 


50% 


M: 


30% 


40% 


Motor OO 


S0% 


75% 


Syrap 


80% 


90% 
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It is evident with respect to each of the stains enumo'ated, wMch are quite typically 
encount^ed by dry cleaners, that DPTB performed as well as or better than perc, which is the 
most prevalent solvent employed in dry cleaning today. 

As will be readily appreciated, numerous variations and combinations of the features set 
forth within the foregoing description and examples can be utilized without departing from the 
present invention. The foregoing examples are intended to be illustrative only and are not to be 
deemed as in any way limiting the scope of the appended claims. 
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WHAT IS CLAIMED IS: 

1. A composition for dry-cleaning gamienls comprising dipropylene glycol tertiary-butyl 
ether (DPTB), water and a fabric softening agent in an amount effective to soften the fabric of 
garments cleaned with the dry-cleaning composition, wherdn the weight ratio ofDPTB to water 
is at least about 9:1. 

2. The composition of Clam 1, consisting essentially of about 90% hy wdght ofDPTB, 
about 1 0% by waghl of water, and said fabric softening agent. 

3. The composition of Qaim 1, ftjrther compri^ng a second surfactant. 

4. A method of dry-cleaning garments, comprising treating the garments for a period of time 
sufficient to eflect dry-cleaning in a dry-cleaning composition comprising dipropylene glycol 
tertiary-butyl ether (DPTB) and water, wherein the weight ratio ofDPTB to water is at least 
about 9:1'. 

5. The method of Claim 4, wherein the period of time is suflRcient to remove both soNent- 
sohible and water-sohible stains. 

6. The method of Claim 4, wherein said diy-clcaning composition consists essentially of 
about 90% by weight of said DPTB and about 10% by weight of water. 

7. The method of Qaim 4, wherdn said dry-cleaiwig composition iiulher comprises a fabric 
softening agent present in an amount effective to soften the fabric of the treated garments. 

8. The method of Claim 4, wherein said dry-dearnng composition ftirther comprises a second 
sur&ctant. 

9. A method of cleaning scoured and milled wool, compriang treating the scoured and iraOed 
.wool with a compo^tion to effect cleaiung, said compositicm compridng dipropylene glycol 
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lertiary-bulyl ether (DPTB) and water, wherein the weight ratio of DPTB to water is at least 
about 9:1. 

10. The method of Claim 9, wherein said composition consists essentially of about 
90% by weight of said DPTB and about 10% by weight of water. 

1 1. The method of Claim 9, wherein said composition further comprises a second 
surfactant. 



12. A composition for dyeing fabrics comprising a solution of a water-insoluble 
aliphatic glycol ether -soluble dye dissolved in a solvent comprising dipropylene glycol tertiary- 
butyl ether (DPTB) and water, wherein the weight ratio of DPTB to water is at least about 9:1. 

13. The composition of Claim 12, wherdn said solvent consists essentially of about 
90% by weight of said DPTB and about 1 0% by weight of water. 

1 4. The composition of Claim 1 2, further comprising a second surfactant. 

1 5. A method of dyeing fabric, comprising treating the fabric to effect dyeing with a 
dye compodtion comprising a solution of a water-insoluble aliphatic glycol eth^-soluble dye 
dissolved in a solvent comprising dipropylene glycol tertiary-butyl ether (DPIB) and water, 
wherein the weight ratio of DPTB to water is at least about 9: L 

1 6. The method of Claim 1 5, further characterized by the step of drying said fd>ric 
after said dyeing, has been effected 

1 7. The method of Claim 1 5, wherein said dye composition solvent consists essentially 
of about 90% by weight of said DPTB and about 10% by weight of water. 

18. ThemethodofQaamlS,wh^€ansaiddyecompoaition.iurtbercompri 
surfactant. 
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19. A method of scouring raw wool comprising scouring raw wool whh a composition 
comprising dipropylene glycol tertiary-butyl ether (DPTB) and water, wherein the weight ratio 
of DPTB to water is at least about 9:1, 

20. A method of milling scoured raw wool comprising milling said scoured raw wool 
with a composition comprising dipropylene glycol tertiary-butyl ether (DPTB) and water^ wherdn 
the wdght ratio of DPTB to water is at least about 9: 1 . 
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